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n + 1
ipcVe^k^Xpn\VejqpU
Bs ::=  CD S1 | · · · |  CD Sn | ε
t^¦l¬Ke;clM+WjnoIMaMaLNM+q;\oWYc`]yU_\oW\`MaLNMaq)\
s
{
Ss ::=  CD | ε
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ejcokKU~jcoWYLNL!WYc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\`MT\`IKMBM 'M*n \leY"\VIKM%UVLNL>qK~XKqpn\Vejq®¦d¬pejc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TS- ±  :ejqpUVkKMac\VIpMvejelqK~\VcoWjnMv~;c`WjL>L!Wjc4"
S → aAbba B → fCf
A → cBc C → gBg
A → deed
a
WYMaU\VIpMme^k^]yej"XKqpn\Vejq   v$t[WYqk b WjM+UlWjq[MaMaLNM+q;\oWYc`]yU_\oW\`MaLNMaq)\+¦ A UlWqpejq^0\VM+cVLNqpWYejclWNne;qpk^\VejqpWj\`M+U\4SYXpqpn \`e;q
B
U4n+WYM*k	q\`IKM yt%Kc`WjqpnoI®{GlIKMM+M+L>M+q)\`WYc`]%U_\oW\`MaLNMaq)\
s
U4MZ^M*nX^\`M+k	q	\`IKMgD4EejqKM;¦¬pXKqpn\Vejq
B
n+WYU%XKqpn \`e;q
C
Wjqpk ne;q)«;MacoUM+];¦yHIFXpUa{\VIpM3yt©pc`WjqpnoIL!WG]qKMa«;Macv\VM+cVLNqpW\`Mj¦HIKMyne;cVc`M+UViejqpk^qK~-ne;q)\Vc`ej
ejcokKU~jcoWYLNL!WYcU"
S → aA A → ε
S → ab B → fC
S → ε B → ε
A → cB C → gB
A → de C → ε
HIKUl~;c`WjL>L!Wjc:~;MaqKM+c`WY\VM+U
ac
{^\`IpWYqK^U\`eN\VIKM	k^M+cV«W\`e;q
S → aA; A→ cB; B → ε.
Ee:M+«jMac*{KqKey\VcoWjnMiKcVMaKZ-naWYq-M~;MaqKM+c`WY\VM*kF]\VIKM\VcoWjnaM%~jcoWYLNL!WYcejcBlIKnoI-\VIKMnejq)\`cVe;®:e;c`kU
ac
{IKMaqnM
ac
U
qKej\­W%ne;q;\`cVe;^:e;c`k®¦He	WG«jejk\VIKUa{;:MlqpMaM+kNW%nacV\VM+cVejq\VIpWY\Aejc`KkKUAc`M+nXpc`UV«;M­\`c`Wji!n]^nM+U+¦HIpUdnacV\VM+cVejq>Udk^MqKM+k
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N
{­McVM*naWYlWYq
qpk^Xpn\V«jM©Wj~;ejc` \`IKL \`IpW\k^M\`Mac`L>qKM*U!\VIpM©UMa\[eY	W;n \V«jM-qpejq^0\VM+cVLNqpWYU
N ′ ⊆ N
SE
N = N ′
{\VIpM¨~jcoWYLNL!WYc!U
XKqpeFejipqK~  h;x- ¦dHIKMvqK \`Wj®UMa\
N ′1
ne;q;\oWYqpUWjn\V«jMvqKejqK'\`Mac`L>qpWjU:\VIW\lLNLNM+kKWY\VMa]yiKc`e^k^XpnaMvWipWjc\leY4W\VMac`LNqWY
UVMaq)\VM+qpnMOS
Φ
kKMaqKej\VM+U\`IKM	UVM\TeY~jcoWYLNL!WYcc`XKM*Ua{
T
U\VIKM	UVM\Tej"\VM+cVLNqpWYU+{KWYqpk
m
Ul\VIKM	n+WYcok^qWY@eY
N
¦
- L µ  : 
 
N ′1 ← {A | A→ α ∈ Φ ∧ α ∈ T
∗}
 
k = 2, 3, . . . , m
N ′k ← N
′
k−1
⋃
{A | A→ α ∈ Φ ∧ α ∈ (T
⋃
N ′k−1)
+}

N ′k = N
′
k−1 ∨ k = m

	
N ′ ← N ′k
gEiKiKM*k\VeNejXKclMaZKWYLNiKMmlIpMac`M
N = {S, A, B, C}
"
N ′1 = {A}; N
′
2 = {A, S}; N
′
3 = N
′
2; N
′ = {A, S}; N 6= N ′.
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ejcokKUm~jcoWYLNL!WYcE\Ve
e;qK][~jMaqpMacoW\VM%naejq)\Vc`ej@ejcokKUa¦
)8: ±Fµ  ± 
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B
D
F
d
G
gT"U_\oW\`M+UlWYc`MmpqpWj'¦
g Manejq)\`cVe;ejcokKU4"
IBDdF
{
IBDGBDF
{
IBDGBDdG
¦
¬~;XKc`Mvhp¦O "0QAZKWYLNiKM :ejq)\Vc`ejgTXK\VejL!WY\Vejq
 M%qKe W;UVUVXKLNMm\VIKM%ipcVe;~jcoWYL UVWY\VU_M+UlHIKM+ejc`MaLhK¦
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\`M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ejcokKU
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¢ #^¡ $cN¢Y¡ $Yp¦
¬~jXKc`MBhp¦OEUVIKeTUd\VIKMvne;q;\`cVe;WjX^\Ve;LNWY\Ve;qNejc 	>/S;\VIKMvne;q;\`cVe;Kejcok!WjqK~jXWY~jMlU
I + IB + IBD(d +GBD)∗(ε +
F + G + GB)
¦
HIKMm\`c`WjqpU_e;cVL!WY\Vejq!c`ejL \`c`W;nM+U:\`eNnaejq)\Vc`ejejcokKU­UlWNU]^U\VM+LNWY\VnEipcVe^nM*k^XKc`Mj¦4g ULNWYc\`c`WjqpU_e;cVL!WY\VejqyMaZFU\`U
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lq/\VcoWjnaMWjX^\Ve;L!W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M  ±F± 
 µ  µ '¶ 
G = {
_v >y
,
D"Ky
}
{
≡
U:\VIKMBk^M+q)\V\_]!cVM+WY\Vejq®{
·
U>\VIKM-naejqpn+W\VM+qpW\`e;q "[LNe;qKejk M+M+L>M+q)\`U!Wjk^
k^c`M+U`UlW>KqpWYc`]!\Vc`MaM;¦
)]^ \ X '^
)]^ \ X '^
M  ±F± L  µ KS 
G = {
_v >y
,
D"Ky
,
Qv >y
−1,
D"Ky
−1}
{
≡
U\VIKM
qF«jMacoUVe;qeY D""yWYqpk;Qv >y &l\VIpejX^\:naejLNLXK
\oW\Vejq (g"WG]FM+]y~jcoWYipIpUBO+}K{xY|! 0¦
\ X '^ −1 )]^ −1
)]^ \ X '^\ X '^ −1
)]^ \ X '^
M  ±F±  µ 
 
 +^ ] ± L  µ KS 
G = {(0, 1), (1, 0), (0,−1), (−1, 0)}
{
≡
U!\`IKM
«;M+n \`ejcTqF«jM+c`UVe;q-WYqpk-naejLNLX^\oW\`e;q®{
·
UE«jM+n\Ve;c
W;kKk^\Vejq "dW\_eY£k^LNM+qpUejqWYWYc`c`WG];¦
(0, 1) (0, 1) (0, 1)(1, 0)
(1, 0)
(0,−1) (0,−1) (0,−1)
(−1, 0)
(−1, 0)
M  ±F±  µ 
 
 +^ ] ± 
 µ  µ '¶ 
G = {(0, 1), (1, 0)}
{
≡
UE«jM*n \Ve;cEne;LNLX^\oW\Vejq["
W>\_eY£k^L>M+qpUVe;qpWY~jc`k®¦
(0, 1) (0, 1) (0, 1)(1, 0)
(1, 0)
 µ 
 
 +K( ] ± 
 µ  µ  ¶ 
G = {(0, 1), (1, 0)}
{
≡
U%«jM*n \Ve;c%nejLNLX^\`WY\Vejq
Wjqpk
(0, 1) ·(0, 1) ≡ εm
"Wm\_:ej k^LNMaqpUVejqpWj)~;cVk
e;k^M*kejq\VIKMv\`ejc`XpU 

×

2
 ¦
(0, 1) (0, 1) (0, 1)
(1, 0) (1, 0)
M  ±F± S4^G(' -%- ²@³  µ 
 
 +^ ] ± 
 µ  µ '¶ 
G = {
t	Ky
, 1,−1}
{
≡
U-\`IKM/qF«jMacoUVe;qWjqpk
naejLNLX^\oW\`e;qej
1
"mqKM*U_\`M+k\Vc`MaM*Ua{U\`U%WjqpkWYcV
coWG]^Ua¦
1 1 1W ]
^
W ]
^ W ]
^
−1 −1 −1
,rµ  µ '¶ ´   :  L :  ³   ] ±  ± 
G = {
_v >y
,
D"Ky
,   t>y } {Qv  >y ·   t>y ≡
εm
{D""y
·  t>y ≡ εm "Wm\Vc`MaMll\VI!pW;noFWjc`kM*k^~jM*Ua¦
)]^ \ X '^
  \] W ^   \] W ^
UWnacV\VnaWjq^ejc`L!W\`e;q!ejc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
c
ejc
c
{)lIKM+cVM
c
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
c
{_[MaqK~[WYqpeY\VIpMacTqpk^Xpn\Vejq
«WYc`WYKMj¦AHIKM%«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Λ2' ⊇ Λ1' • (B|0)
Λ2& ⊇ Λ1& • (B|0)
Λ3' ⊇ Λ2& • (D|0)
Λ3' ⊇ Λ3' • (d|2)
Λ3& ⊇ Λ2& • (D|0)
Λ3& ⊇ Λ2& • (d|0)
Λ4' ⊇ Λ3' • (F |0)
Λ4& ⊇ Λ3& • (F |0)
Λ1: ⊇ Λ0: • (I|0)
Λ1: ⊇ Λ3: • (G|0)
Λ2: ⊇ Λ1: • (B|0)
Λ3: ⊇ Λ2: • (D|0)
Λ3: ⊇ Λ2: • (d|0)
Λ4: ⊇ Λ3: • (F |0)
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